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1028Objective: High-performing health care organizations differentiate themselves by focusing on continuous pro-
cess improvement initiatives aimed at enhancing patient outcomes. Reoperation for bleeding is an event asso-
ciated with considerable morbidity risk. Hence, our primary objective was to develop and implement a formal
operative checklist to reduce technical reasons for postoperative bleeding.
Methods: From January 1, 2011, through June 30, 2012, 5812 cardiac surgical procedures were performed at
Cleveland Clinic (Cleveland, OH). A multidisciplinary team developed a simple, easy-to-perform hemostasis
checklist based on the most common sites of bleeding. An extensive educational in-service was performed be-
fore limited, then universal, checklist implementation. Geometric charts were used to track the number of cases
between consecutive reoperations for bleeding. We compared these before (phase 0) and after the first limited
implementation phase (phase 1) and the universal implementation phase (phase 2) of the checklist.
Results: The average number of cases between consecutive reoperations for bleeding increased from 32 in phase
0 to 53 in both phase 1 (P ¼ .002) and phase 2 (P ¼ .01).
Conclusions:A substantial reduction in reoperation for bleeding cases followed implementation of a formalized
hemostasis checklist. Our findings underscore the important influence of memory aids that focus attention on
surgical techniques to improve patient outcomes in a complex, operative work environment. (J Thorac Cardio-
vasc Surg 2013;146:1028-32)A continuous drive for improved quality of care through pro-
cess improvement is a feature of high-performing health care
systems. Institution of patient safety initiatives that strive to
further reduce complications associated with complex opera-
tive procedures is the ideal. Patient safety checklists attempt
to standardize critical and often complex processes to avoid
error and improve outcomes. Although common in other in-
dustries, and a prominent feature of the early days of cardiac
surgery, checklists have only recently been adopted as part of
work flow processes in the health care environment.1 Benefits
of checklist implementation in the health care setting include
reduced patient morbidity, fewer errors, and improved team
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The Journal of Thoracic and Cardiovascular SurApproximately 2% to 8% of patients return to the
operating room for bleeding after admission to the intensive
care unit after cardiac surgical interventions.9-13 Our
investigation of these reoperations revealed that they were
associated with increased morbidity, mortality, and
resource use.14 Bleeding resulting from technical factors
was the root cause of most (>70%) of these reoperations;
the remainder were related to coagulopathy.
We subsequently initiated a major focus on process im-
provement to reduce the need for reoperation due to techni-
cal factors. We hypothesized that increased attention to
intraoperative hemostasis would reduce postoperative
bleeding. Hence, our primary objective was to develop
and implement a formal operative checklist to reduce tech-
nical reasons for postoperative bleeding.METHODS
Checklist Development
Our prior work revealed that the most common sites for bleeding iden-
tified at reoperation were the mediastinum, sternum, internal thoracic ar-
tery bed, and coronary anastomosis sites.14 Multidisciplinary team
meetings were held for checklist development with senior cardiac surgical
staff, a cardiac surgery resident (G.L.) and fellow (A.V.), and anesthesiol-
ogists. The objective was to develop a simple, easy- to-perform checklist
that could be integrated into the operativework flow (Figures 1 and 2). Sim-
plicity, we believed, was key for trainees to transform the checklist into un-
conscious habits. Specifically, the checklist was devised to be used just
before anticipated chest closure, which universally is performed by surgical
trainees. Individual patient consent was waived by the Cleveland Clinic
(Cleveland, Ohio) Institutional Review Board.gery c November 2013
Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
WHO ¼World Health Organization
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Phase 0: Prechecklist. From January 1, 2011, through June 30,
2011, 2080 cardiac surgical procedures were performed at Cleveland
Clinic. Before initiating the reoperation for bleeding checklist, a cardiac
surgery resident (G.L.) and fellow (A.V.) were recruited as ‘‘champions’’
to provide other residents and fellows with formal educational sessions
on morbidity related to reoperation for bleeding, desire to reduce its prev-
alence, and specifics of the checklist. Surgical nurse clinicians and operat-
ing room nurses were also in-serviced.
Phase 1: Limited implementation. From July 1, 2011, through
October 31, 2011, 1296 cardiac surgical procedures were performed. The
checklist was implemented in a single surgeon’s operating room. More im-
portant, however, all cardiac surgical residents and fellows received the ed-
ucational in-service before initiation of phase 1 because of surgical
rotations and night call, which may have placed them in the phase 1 staff
surgeon’s rooms. After initiation of phase 1, feedback was obtained from
the cardiac surgical team on ease of checklist use and suggestions for fur-
ther improvement.
Phase 2: Universal implementation. After 4 months with the
single surgeon in phase 1, the checklist was universally implemented in
all cardiac surgical operating rooms. From November 1, 2011, through
June 30, 2012, 2436 cardiac surgical procedures were performed, all using
the checklist.
The patient population over these time frames was consistent: phase 1,
n ¼ 2080, with 17% coronary artery bypass grafting (CABG), 52% iso-
lated valve, 17.1% CABG/valve combination, and 15% other cases; and
phases 2 and 3, n ¼ 3732, with 15% CABG, 54% isolated valve, 17.3%
CABG/valve combination, and 14% other cases.
Measurement and Analysis
We defined reoperation for bleeding as a return to the cardiac operating
rooms for bleeding or tamponade after admission to the intensive care unit
following the primary surgical procedure. The decision to reoperate was
based on total chest tube drainage and its rate, hemodynamic status, and
staff surgeon decision.
Prevalence of reoperation for bleeding was measured and presented on
a geometric chart. Geometric charts are commonly used to track rare events
and measure the number of cases between their consecutive occurrences; in
our case, this was the number of cases between occurrences of reoperation
for bleeding.15-17 Larger numbers on the geometric chart demonstrate
better performance and fewer occurrences of these rare events. In this
study, we counted the number of cases between consecutive cases of
reoperation for bleeding and compared the averages before (phase 0) and
after checklist implementation using a 2-sample, 2-sided t-test and theWil-
coxon rank-sum test. The primary analysis compared phase 0 with the en-
tire postimplementation period (phases 1 and 2). A secondary analysis
compared phase 0 with phase 2 (after universal implementation).RESULTS
The geometric chart measuring the number of cases be-
tween consecutive reoperations for bleeding is shown in
Figure 3, with larger numbers indicating process improve-
ment (ie, fewer reoperations for bleeding).
After introduction of the checklist, the average number of
cases between consecutive reoperations for bleedingThe Journal of Thoracic and Carincreased from 32 in phase 0 to 53 in both phase 1
(P¼ .002) and phase 2 (P¼ .01). Continuous improvement
was observed after universal implementation (phase 0 vs
phase 2), with the average number of cases between consec-
utive reoperations for bleeding at 53 (Table 1). The effect
was evident, however, immediately after limited implemen-
tation of the checklist (phase 1), likely because of the effect
of having educated all surgical residents, fellows, and sup-
port staff about the checklist, even though they were not all
rotating on the phase 1 surgeon’s service.
There were 2080 cases before July 1, 2011 (before educa-
tional in-services and checklist implementation), with 65
reoperations for bleeding (3.1%). After that date, there
were 3732 cases, with 70 reoperations for bleeding
(1.9%) (P ¼ .003).
DISCUSSION
We report a substantial reduction in reoperation for
bleeding events after introduction of a hemostasis checklist.
Reason18 describes checklists as ‘‘cognitive prostheses.’’
Cognitive errors in clinical decision making are reported
to be at the root of many mistakes.19 Stress, cognitive fa-
tigue, and complex cases may influence proper decision
making.1,20,21 The operative environment, in particular
with trainees, is a milieu where high stress, fatigue, and
need for quick decision making intersect, an ideal
situation for checklists.
Unexpectedly, and perhaps because of both simplicity of
the checklist and extent of education leading up to its imple-
mentation, reoperations for bleeding declined even during
the time of checklist implementation for only 1 surgeon’s
cases (phase 1). Evidence suggests that both universal
awareness via educational initiatives and increased empha-
sis on technical factors via the checklist led to fewer reop-
erations for bleeding. This is the desired effect for process
improvement initiatives.
Checklists are meant to standardize often complex pro-
cesses and serve as cognitive aids for error reduction.1
They consist of systematically rank-ordered criteria whose
overarching goal is standardization and improved out-
comes. Although checklists are increasingly used in health
care, they have not been as widely adopted as in other indus-
tries, for cited reasons of limiting physician autonomy and
difficulty in standardizing processes that are inherently
variable.1
Use of checklists in the surgical setting has been associ-
ated with reduced postoperative complications and mortal-
ity. Weiser and colleagues22 prospectively examined
postoperative complications and hospital mortality before
and after implementation of the 19-item World Health Or-
ganization (WHO) Surgical Safety Checklist in urgent oper-
ative cases. Significant reductions in both complications
and mortality were reported after checklist implementation,
with complications reduced from 18.4% to 11.7% anddiovascular Surgery c Volume 146, Number 5 1029
FIGURE 3. Geometric chart displaying the number of cases between re-
operations for bleeding.
FIGURE 1. Reoperation for bleeding checklist.
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setting of hospitals with high standards of care, de Vries and
colleagues6 also reported reductions in surgical complica-
tions and mortality associated with use of a surgical check-
list. Haynes and colleagues4 reported a significant reduction
in complications and mortality with use of theWHO check-
list in a global population. Others have published similar
results.23
Checklists have been reported to provide benefits beyond
traditional morbidity and mortality outcomes, including
cost savings, improved team dynamics, and creation of
a culture of safety. Semel and colleagues5 reported potential
cost savings from reduced postoperative complications if
the WHO checklist was instituted in the United States.FIGURE 2. Process flow diagram for development and implementation of
the reoperation for bleeding checklist. CT, Cardiothoracic; OR, operating
room.
1030 The Journal of Thoracic and Cardiovascular SurCalland and colleagues3 examined the utility and adapt-
ability of procedural checklists in the surgical setting to
test whether they can increase the frequency of safety-
critical behaviors. The authors noted that checklists may
be beneficial for error reduction, improved teamwork, and
situational awareness in what they termed safety-critical
processes, such as the complex operative environment.
Their results showed similar patient outcomes with and
without use of the checklists; however, they reported that
the checklist intervention group had higher team-positive
behaviors.
Buzink and colleagues24 examined the effect of imple-
menting a checklist on equipment- and instrument-related
events in the setting of laparoscopic cholecystectomies.
They noted that the combination of integrated operating
room systems and checklists might favorably influence op-
erating room efficiency and surgical outcomes. Their results
showed that this combined setting had a stronger effect than
an integrated operating room alone. Use of the checklists
also raised safety awareness among operating room team
members.
Lingard and colleagues7 reported improvements in com-
munication, with a decline in the number of communication
failures per procedure after implementation of checklist-
structured team meetings. Use of a 5-point Likert scale
questionnaire before and after introduction of safety brief-
ings resulted in positive staff attitudes toward these
briefings.25
In a systematic review of safety checklists, Ko and col-
leagues26 suggested that theywere associatedwith some im-
provements in patient safety; however, the results were not
consistent. The authors suggested that variations in checklist
design and individual settings created an inability to sum-
marize trends across studies. Nevertheless, they noted a po-
tential benefit in terms of improving protocol adherence.gery c November 2013
TABLE 1. Number of cases between consecutive reoperations for bleeding before and after checklist initiation
Variable Prechecklist Postchecklist P value*
After universal
implementation only P value*
Dates 1/1/2011-6/30/2011 7/1/2011-6/30/2012 11/1/2011-6/30/2012
Total No. 2080 3732 2436
Geometric statistic
Mean 32  35 53  43 P1 ¼ .002y 53  47 P1 ¼ .011y
P2 ¼ .004 P2 ¼ .033
Median (quartile 25, quartile 75) 18 (11, 39) 43 (21, 77) P<.001 43 (16, 82) P ¼ .009
*Compared with prechecklist geometric statistic. yP1 is the P value with untransformed data, and P2 is the P value after the data were log transformed to reduce skewness.
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Conley and colleagues27 reported that the success of sur-
gical checklists was influenced by a hospital’s ability to ef-
fectively implement them, along with educational efforts
regarding their use and the rationale for their implementa-
tion. Education was necessary for getting ‘‘buy-in’’ from
the surgical staff. Others who have reported on the benefits
of checklists have also integrated key features for success,
such as multidisciplinary teams and educational efforts.2
Educational in-services and clear communication on the
importance of the initiative to patient care allowed for suc-
cessful implementation of our checklist. Teams were multi-
disciplinary, which allowed for buy-in from those involved.
We were cognizant of prior perceptions that might surface,
such as ‘‘checklist fatigue’’ in the operative setting. We
communicated that the clinical time involved averaged
less than 5 minutes. Several other investigators have high-
lighted key aspects of checklist development, along with
suggestions for piloting the checklist before more wide-
spread implementation.28,29
The Accreditation Council for Graduate Medical Educa-
tion has specific recommendations for practice-based learn-
ing competencies that involve trainee engagement in quality
improvement methods aimed at implementing initiatives
for practice improvement. Our thoracic and cardiovascular
surgical resident (G.L.) and fellow (A.V.) spearheaded the
educational in-service and implementation and feedback
sessions throughout the course of the process improvement
initiative. They were an integral part of project development
and learned to develop and implement process improve-
ment plans, understand use of process control and Pareto
and geometric charts, engage multidisciplinary teams, and
obtain and receive feedback for the duration of the improve-
ment initiative.Study Limitations
Reoperation for bleeding necessitating a return to the car-
diac operating room for bleeding or tamponade was based
on total chest tube drainage and its rate, hemodynamic sta-
tus, and staff surgeon decision. We did not have information
on the specific amount of chest tube drainage; however, the
cardiac surgical attending surgeons and intensive care unitThe Journal of Thoracic and Carcare teams were consistent throughout the process improve-
ment initiative. Our institution does not have a rigorous or
standardized algorithm to aid decision making on whether
a patient should be returned to the operating room for bleed-
ing. In addition, we do not capture the actual amount of
chest tube drainage in our electronic medical record. Our
goal was not to measure blood product use for the duration
of the study period, but rather to focus on intraoperative
practices that could reduce the need for reoperation for
bleeding.CONCLUSIONS
We observed a significant reduction in reoperation for
bleeding after implementing a formalized surgical checklist.
Our findings underscore the important influence of memory
aids that focus attention on surgical techniques to improve
patient outcomes in our complex work environment.References
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